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This article critically examines the notion of development and how it has been transformed by concerns about the environment and sustainability. The concept of industrial ecology is explored to clarify the idea of sustainability. Industrial ecology relies on the notion of a circular industrial metabolism as a benchmark to define the notion of sustainability. The problem with modern industrial systems is the linearity of their metabolism, the extensive use of resources, and the generation of waste. To become sustainable, these systems must reduce their use of resources and generate fewer wastes. The idea of a circular industrial metabolism is applied to two models of development: one based on sustainable development as defined in Agenda 21 and relying on globalized production; the second based on local self-sufficiency and small-scale production methods.
Imagine a traditional village in the remote hills of Guatemala, where people live as they have lived for hundreds of years. The houses are built from materials collected in the surrounding forest; corn, beans, vegetables, and fruit are grown and consumed locally, some chickens and goats supplement this diet, and clothing is made using locally available materials. The village exists in harmony with its environment, using only materials that are readily available and generating wastes that can be easily absorbed by the surrounding environment. From the point of view of sustainability, this village has achieved what environmentalists in the "developed" world can only dream of, a circular metabolism.
1 Seen from another point of view, however, this village has a per capita gross domestic product (GDP) of near zero, because few goods or services are sold or bought on the market. The government cannot collect taxes because little money is needed or used by the villagers to meet their basic needs. The population of this village would be considered among the poorest of the poor by the international development agencies, regardless of how well these arrangements meet the needs of the local population. If the government were to grant all the land surrounding the village to a plantation owner for the production of coffee, things would look better from the point of view of development. The villagers would have to seek work on the plantation, and regardless of how little they were paid, they would add more to the GDP than they did before. The coffee produced, wages paid, and goods and services imported would all add to the GDP, not to mention the tax revenues of the government. From the point of view of sustainability, however, the village will have been thrust into the exploitative linear industrial metabolism that has brought the world to the brink of environmental disaster. The export of coffee would require the building of roads and the purchase of vehicles and fuel. The food, clothing, and other necessities vital to the population would require more transportation technologies. To acquire the skills needed to function in this larger economy, schools would be needed. The elderly that were cared for in the context of extended families would require new institutions. In other words, the material needs of the village could no longer be met locally, and many of the wastes would also be generated and disposed of elsewhere. The increased standard of living would substantially increase the ecological footprint of the village. Whether this new "wealth" will have improved the quality of life of the villagers is an open question, the answer to which is most often no. It is certain, however, that the culture of that village will have been devastated.
There are of course few such independent villages left in the world, but to many in the "development community," the above example is exactly what is meant by development. Development is the process of becoming a modern society like the already developed societies of the North. To become developed, a society must undergo stages similar to the development of the currently industrialized societies of the North. It must first of all restructure its economy in accordance with market forces. This requires specializing in the production of goods in which a competitive advantage is enjoyed and importing everything else. Overall wealth is increased because the inefficiencies of producing things locally for which other areas are better suited are eliminated. The fact that the lion's share of the increased efficiency will benefit the plantation owner whereas the villagers will be lucky to get one of the jobs (producing efficiently generally involves fewer workers than producing inefficiently) is the unfortunate price of progress, but is positive on the whole. The new wealth is more likely to be invested if it is in the hands of a single proprietor and can thus fuel a process of industrialization. The displaced villagers will find their new place as factory workers or in the service sector. This process of development has brought us industrial production with its mines, smokestacks, landfills, and toxic waste sites just as surely as it has produced televisions, BMWs, and laptop computers. It has brought us the environmental crisis. Local self-sufficiency is the antithesis of this vision of development, so should it not become the cornerstone of a return to sustainability? Perhaps so, but before making such a claim, other alternatives need to be examined.
The long list of environmental problems that have arisen around the world, culminating in the threat of global climate change, have amply demonstrated the problem of a linear industrial metabolism. The question I propose to explore is how this realization has affected the notion of development. To do so I will first briefly examine the reaction to the environmental crisis in the industrialized world.
The Environmental Crisis and the Rise of Industrial Ecology
The mainstream response to the environmental crisis at the end of the 20th century (aside from denial) has been the notion of industrial ecology. Although initially merely an attempt to understand an industrial system in the context of its social and natural environments, it has come to imply a larger project of harmonizing the industrial system with these contexts. Unlike conventional engineering practice and conventional economics, industrial ecology, as a field of inquiry, examines industrial systems in their social and environmental contexts. With respect to the environment, this generally involves an examination of the flow of materials and energy from source to sink through the industrial system to highlight context incompatibilities, such as unsustainable use of scarce resources and the generation of excessive or dangerous wastes. Through such investigations, industrial processes and systems can be placed on a continuum from circular industrial metabolisms at one extreme and linear metabolisms on the other. A circular industrial system would theoretically use no virgin materials and generate no wastes. Like a natural ecosystem, all materials would move in cycles through the system so that the wastes produced would be used as inputs in other industries. The flow of energy through the system, in accordance with the second law of thermodynamics, cannot be circular. Thus, sustainability requires the use of renewable energy sources or soft energy paths as canonized by Amory Lovins. Ultimately, an industrial system should mimic a natural ecosystem in which all materials flow in cycles and the only external source of energy is the sun.
Seen from this point of view, the industrial systems of the North underwent a long transformation from primarily circular (agricultural) systems to ever more linear systems, using more and more resources and producing ever greater quantities of waste. Insofar as the metabolism of an industrial system is linear, economic growth can only be achieved at the expense of the environment within which it functions. If that environment is finite in its ability to generate resources and absorb wastes, there are limits to economic expansion. This has prompted many in the environmental movement to argue that capitalism, which, by definition, requires growth, is ultimately incompatible with environmental sustainability. Sustainability, it is argued, requires a stationary state, which cannot be achieved in a capitalist economy (Daly, 1973) . Proponents of industrial ecology, on the other hand, have argued that this takes for granted the idea that the industrial metabolism is linear-in other words, that growth can only be achieved with the consumption of more resources and the generation of more waste. If this is the case, growth must indeed come at the expense of the environment. In the case that environmental limits have been reached, further growth is possible if the system becomes more circular or if it becomes "dematerialized." This can be demonstrated by comparing the environmental impact of different industries. A pulp mill and a food catering business both employ workers and sell a product. As such, they both add to the GDP of a country and generate growth, but their environmental impacts may be vastly different. The sustainability of an industrial system is therefore a matter of the type of growth upon which it is based and upon the types of technology that generate this growth.
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According to many authors writing in the field of industrial ecology (and the closely related field of ecological economics), the environmental crisis was created by the fact that over the past few centuries, the development of the now industrialized world considered and treated the environmental impacts of economic activities as "externalities." As such, they were irrelevant in the process of economic decision making. Because resources used and wastes generated did not affect the profitability of enterprises, these societies developed ever more linear industrial metabolisms, requiring larger inputs of raw materials and energy at one end and producing larger quantities of waste on the other. They could afford to do so since resources were plentiful and cheap 3 and waste was easily disposed of in an environment whose ability to absorb it was thought to be infinite. In the field of engineering, these assumptions gave rise to a single-minded focus on the performance characteristics of different technologies and a complete lack of attention to their context compatibility.
As these two conditions begin to change, as resources and waste sinks become scarce, industries will have to develop new technologies that use fewer resources and generate fewer wastes. This, however, can only happen if the externalities of resource exhaustion and pollution become relevant to economic decision makers, as to a certain extent they already have. In theory, as a resource becomes scarce, the price rises, forcing producers to find substitutes or economize on their use to stay competitive. 4 In the case of wastes and pollution, a similar case can be made that, as the cost of waste disposal and pollution increases, so too will the incentive to create more clean technologies and fewer wastes. The best approach to overcoming the environmental crisis is for governments to force industries to pay as close to the true cost of resource consumption and pollution as possible. Once the externalized aspects of production are internalized into the economic decision-making process, industrial societies will move toward a more circular industrial metabolism. Ultimately, industrial systems would mimic natural ecosystems in which there is no waste, all materials move in cycles, the only resources used are those plentifully available, and the only wastes created can readily be absorbed by the biosphere or be used as an input in industries.
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Many have seen this as a natural process. When pollution and resource exhaustion were not problems, there was no need to try to control them at the expense of lower economic growth, but now it is not only necessary but possible for industries to "mature" into their current contexts, which require a more circular metabolism. In this context, smoke stacks billowing smoke and huge landfills of waste are seen as signs of inefficiency, the by-product of an "immature" industrial system. The first step in this greening of industrial systems is the imposition of environmental regulations by governments. In the United States, this began in the '70s with the passage of the clean air and water acts. At that point a two-stage process of engineering emerged in many corporations. One team of engineers would attempt to maximize the performance characteristics of a given technology whereas a separate team of environmental engineers developed ways of making them conform to existing regulations. It is this two-stage system of engineering that gave rise to the familiar growth versus environment dilemma. Because mitigation technologies added to the cost of technologies, any gains for the environment had to come at a cost to the consumer or out of the profits of producers. Furthermore, each time regulations were stiffened, new mitigation technologies would have to be developed, placing industries in a constant and expensive race to keep up with regulations. During this period, industries tended to be hostile to efforts at environmental protection. Eventually, however, this dilemma will demonstrate the efficacy of "preventive approaches to engineering" (Vanderburg, 2000) . Companies that develop technologies that avoid the production of pollutants and the excessive use of resources will gain a competitive advantage over those using conventional approaches. Largely through market forces, this will lead to a dematerialization of industrial systems in which fewer resources will be used and less waste will be generated.
Underlying this vision of industrial development is a teleological view of societies-a view whose roots go back as far as Karl Marx, Hegel, and beyond. In this view, all societies develop along similar lines. From hunting and gathering societies they move through an agricultural stage and ultimately industrialize. Similarly, the process of industrialization must go through stages (Rostow, 1960) , moving through the "immature" high pollution phase until eventually becoming cleaner and more efficient. Similar patterns have been observed with respect to other aspects of an industrial system, such as the distribution of wealth and population growth, and are known as Kutznets curves, after Simon Kutznets, the economist who first elaborated the idea with respect to equity (Kutznets, 1955) . He demonstrated through comparisons of countries at different stages of industrialization that the process of industrialization would first increase inequalities and later decrease them. A charting of the genie coefficient, the measure of inequality, would thus result in an S curve. Similarly, it has been found that pollution generated per unit of GDP was low in agricultural societies, then rose sharply among semi-industrialized countries (Mexico, Brazil, etc.), but declined significantly in the most industrialized countries. A similar S curve is evident, confirming this "stages" view of development. Similar patterns have been found with regard to the material intensity per unit of GDP, suggesting a gradual dematerialization of industrial societies (Socolow, Andrews, Berkhout, & Thomas, 1994) .
The above has been taken as an indication that, although there may be a long way to go, the most industrialized nations are well on their way to solving the environmental crisis. Their cities are already cleanermany of the more progressive companies are pursuing pollution prevention programs, creating cleaner and more efficient technologies-and pollution controls are getting ever stricter. It is the less or undeveloped nations that are the primary problem in terms of the environment. The newly industrializing countries of Latin America and Asia are at the high-pollution point of their development and many of the undeveloped regions of Africa and elsewhere have not even reached their "pollution peaks." Yet all of these societies want to develop, and it would be unreasonable for the currently industrialized countries to deny them this right. A cursory look at the newly industrializing countries would seem to confirm this general view. Cities such as Bangkok, Jakarta, Delhi, Mexico City, and Sao Paulo are choking on levels of pollution that make Berlin, New York, and London seem clean by comparison. These countries are also rapidly destroying their rain forests. Several studies seem to confirm this view (Pearce & Atkinson, 1993; World Bank,1997) . In measuring weak sustainability, 6 Pearce and Atkinson (1993) found the United States, Germany, and Japan (among others) to be sustainable, whereas countries such as Ethiopia, Papua New Guinea, and Burkina Faso were not. Using a similar definition, the World Bank found the world as a whole sustainable because investments in man-made and human capital overcompensated for diminishing natural capital. The regions of Sub-Saharan Africa and the Middle East, however, where not found sustainable.
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What can be done? The answer seems evident, or at least it seemed evident to the decision makers at the Rio Summit and many of the proponents of industrial ecology. Less-developed societies cannot be condemned to permanent poverty and must be allowed to industrialize-develop to alleviate poverty (especially because the poor have no choice but to burn down rain forest and cultivate more marginal lands). The only role the more-industrialized countries can play is to help this process along as much as possible. If this help is substantial enough it can push the newly industrializing countries "over the hump" and onto the downward slope to a cleaner future. The undeveloped countries may be able to bypass the high-pollution stage altogether by industrializing on the basis of newer, cleaner technologies. The question of how we can overcome the environmental crisis then becomes the question of how can we best promote development. The solution to the environmental crisis, which many see as a result of industrial development, is faster industrial development. 8 The nations of Western Europe and North America will have a special role in this process. Insofar as it is not merely development that is necessary, but a cleaner form of development than what took place in the West, these countries hold the key. They have the cleaner technologies that might allow a region like Africa to bypass the high-pollution phase. It is crucial, therefore, that these least-developed countries be given access to these new technologies. A massive aid program to transfer technologies from the North to the developing world appears to be unrealistic in these days of budget cutting and fiscal responsibility. Consequently, the only solution is to remove all obstacles to the movement of technologies to developing regions and create conditions in which developing countries can afford to pay for access to these technologies. Because first world corporations are in possession of the technologies in question, less-developed countries should be encouraged to open their borders to foreign investment. 9 Because foreign currency is necessary to invest in infrastructure and so forth, they should attempt to develop as many export products as possible to generate foreign currency. Furthermore, as it is in the first world's interest to stimulate this process as much as possible, both for environmental reasons and because technology exports generate employment and so forth, industrialized nations should eliminate all barriers to imports from less-developed nations.
As a result of this logic, many of the proponents of industrial ecology have come to support the idea of free trade and globalization as consistent with the goal of environmental protection. Moreover, in this view, the main protagonists in saving the environment are not governments or international organizations but multinational corporations that hold the patents for the clean technologies. Anything that stands in the way of their free movement across national boundaries is thus an impediment to the spread of clean technologies. This includes the lack of patent protection in many parts of the developing world (Schmidheiny & the Business Council for Sustainable Development, 1992).
Stages of Economic Development: Modernization Theory Revisited
In its vision of the societies of the South as well as in its policy recommendations, this notion of sustainable development is remarkably close to what in earlier times was promoted as mere development by a school of thought known as modernization theory. For most of the postwar era, modernization was the orthodoxy among economists, sociologists, and political scientists and was adopted by institutions like the World Bank and the International Monetary Fund. In the context of the Cold War, the aim was the establishment and consolidation of stable Western-style democracies able to withstand the threat of Soviet expansion. Stable democracies have only developed in wealthy, highly differentiated, and industrialized societies. Thus, the predominantly agrarian societies of the South would have to be encouraged to undergo similar processes of development. Given the immediacy of the Soviet threat, the West would have to help this process along by opening its doors to imports from developing regions and through direct investment by corporations in industries. To mimic the development of Western industrialized nations, the societies of the South would be encouraged to replace subsistence agriculture with modern agriculture capable of producing an exportable surplus. This would have the additional effect of creating a labor surplus upon which industrialization could be based. To earn foreign exchange, developing nations should take advantage of their comparative advantage to produce export crops and labor-intensive industrial products, rather than foodstuffs that could be imported more cheaply. Import substitution industrialization could establish domestic producers of goods, starting with industries requiring little capital and moving gradually to more capital intensive goods. Foreign direct investment as a means of technology transfer was also encouraged.
Stages of Economic Development: World Systems
Modernization theorists had many critics. The most prominent among them became known as the dependency school. This group did not so much disagree with the overall goal of development but claimed that it could not be achieved through the free market model of development advocated by modernization. Dependency theorists saw the development of the first world and the underdevelopment of the third world as flip sides of the same coin. Whereas the first world developed, the third world became the suppliers of raw materials and the market for first world exports. The only time dependent nations made real strides in domestic development was not when exports were booming, but when the global economy experienced severe disruptions during the First and Second World Wars and the Depression.
Dependency theorists tended to argue that the countries of the third world needed to overcome their dependency, which required extensive involvement on the part of the state (i.e., socialism). It was argued that the process of import substitution, which was extensively implemented in much of Latin America and elsewhere, did not succeed at making these regions less dependent on exports. It simply made them into importers of capital goods and raw materials that still needed to be financed by exports. In the context of declining terms of trade for third world exports, this created balance of payments problems and ultimately led to the debt crisis. Furthermore, it exacerbated income inequalities due to the import of "inappropriate" technologies, technologies designed in the North where labor is expensive and thus inappropriate in the context of a developing nation with a surplus of cheap labor (Hirshman, 1971) .
The idea of exploitation on a global level implicit in the dependency paradigm gave rise to the notion of a world system and one of the most profound critiques of the idea of stages of development. Immanuel Wallerstein argued that the notions of development and stages lacked clarity because of a fundamental misconception. What exactly was developing? For most of the authors writing in the modernization tradition and, in fact, for most economists and social scientists, the fundamental unit of analysis was the nation state. According to Wallerstein, however, it only made sense to talk about the development of societies insofar as they were self-contained units. To the extent to which they interact with other societies, they do not develop independently but rather as part of that larger group of societies. If these interactions are substantial enough to constitute a division of labor between these societies, then they jointly become a system and develop as such. In this context, it becomes impossible to analyze separate nations in terms of stages or to talk about skipping stages; all one can talk about is the role played by a particular nation within the larger system and how to change that role. Stages of development could apply only to the whole, not to one of its constituent parts.
In the case of most third world societies, if it ever made any sense to analyze them in terms of progressive stages of their development, it stops making sense at the moment at which they cease to be self-sufficient units and become parts of a larger system. For the vast majority of the developing world, this turning point came through colonization. Colonization was essentially the forced integration of the societies of the South into the industrial system dominated by Europe. After the initial plundering of gold and silver, colonialism integrated peripheral regions into a global economy-as suppliers of raw materials, markets for industrial products, and in the case of Africa, as suppliers of slaves to work plantations in the new world. At this point, they became part of a larger, global division of labor and developed within that global system just as much as the core countries developed. They merely developed different roles within that system. To suggest that Brazil is less developed than the United Kingdom is thus equivalent to arguing that my liver is less developed than my brain because it has not achieved the capacity for independent thought. In this role, these countries were in no way analogous to the United Kingdom at an earlier stage of its development.
10 Their development was and continues to be shaped and conditioned by forces beyond their borders, by a global system of production, distribution, and consumption. This has never been more true than in today's much talked about context of globalization. Although this is hardly an original observation, it is a point that is still missed by many of the proponents of sustainable development and by some of the central institutions shaping today's global economy. The previously cited World Bank study that concluded that the world as a whole and the industrialized countries are sustainable whereas Sub-Saharan Africa and the Middle East are not, is absurd, regardless of whether one accepts the definition of sustainability upon which it is based. The question of sustainabilty must address the entire system, not parts thereof. This should be particularly evident in light of the fact that most of the increase in trade in the past two decades involves trade within Multinational Corporations (MNCs). MNCs rationalize their production, globally placing polluting processes in regions with few regulations or lax enforcement and labor intensive processes in regions of cheap labor.
Attributing CO 2 emissions, pollution, forest destruction, and resource depletion to the countries in which they are occurring is highly problematic when these support the production by MNCs of goods consumed primarily in the countries of the North. In this light, it should be evident that the conclusion that Germany is sustainable while Papua New Guinea is not when the forests of the latter are being clearcut to satisfy the demand for paper and wood of the former is faulty.
The Environmental Kutznets Curve Reconsidered
Close examinations of the Environmental Kutznets curve hypothesis on its own terms have in fact found very little conclusive support for the hypothesis. (Ekins, 2000; Heintz & DeBruyn, 1992) . Ekins (2000) notes that the only environmental indicator for which the evidence is at all supportive of such a curve is air pollution due to CO, NO 2 and SO 2 . The decline in the output of these pollutants, however, can be more readily explained by the imposition of regulations than through an increase in wealth. Beyond this a curve can only be seen when pollution and resource consumption are calculated per unit of GDP, which nonetheless indicates there is no absolute decline in terms of resource consumption or waste production. Even on this basis, however, the evidence is weak and the thesis has been rejected by both the European Community and the Organization for Economic Cooperation and Development.
The weakness of the evidence, however, has not prevented this hypothesis being taken seriously by policy makers. This is in large part due to the exaggerated claims of many of its proponents and the convenient implications of the hypothesis. Holtz-Eakin and Selden (1992, p. 3) confidently state that the evidence suggests the "tantilizing possibility that instead of there being a trade-off between greenhouse gases and economic growth, faster growth could serve as part of the solution to the world wide emissions dilemma." Even more strident is Radetzki (1992) , who argues that "Growth promoting liberalization of trade will often lead to improved environmental standards"(p. 134). Panayoutou (1993) goes so far as to suggest that If economic growth is good for the environment, the policies that stimulate growth, such as trade liberalization, economic restructuring, and price reform ought also to be good for the environment. This in turn would tend to suggests that the environment need no particular attention, either in terms of domestic environmental policy or international pressure or assistence. (p. 14)
The implication of much of this is that by attempting to slow down growth, many environmentalists are hurting the environment. Furthermore, it is not overconsumption and industrial production in the North that is destroying the environment; the poor in the South are the main culprits.
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Alternative Visions of Sustainability
Not all authors writing in the fields of industrial ecology or international development have supported the idea that rapid economic growth and globalization are the best remedies for the environment. There is a growing body of literature critical of the business as usual approach that attempts to offer alternative visions of the meaning of development and its relationship to the environment. The evidence presented in much of that literature flatly contradicts the conclusions reached during the Rio Summit by the Business Council for Sustainable Development, The Brundtland Commission, and the Agenda 21. What much of that literature suggests is that the industrialized societies need to learn how to live sustainably from the few traditional societies remaining on the planet. Instead of our hypothetical village needing to imitate the industrial societies of the North, the industrial societies of the North need to imitate the village.
The transition to a sustainable way of life will require not merely a fundamental reorientation of our systems of production, but also of our cultures. This has been recognized by a growing group of writers studying environmental problems both in the North and the South. Contrary to authors like Reddy, who see technology transfer as a win-win proposition (Reddy, 1996) , such transfers have been seen as highly problematic, both for social and environmental reasons. Although the idea that certain technologies appropriate in the first world may have negative social consequences in the different context of the developing world is nothing new, this recognition was often based merely on its use of different factors of production (capital intensity). One of the first to analyze the appropriateness of technology on a more systematic basis and include environmental considerations was Schumacher (1974 Schumacher ( , 1978 . He also came to the conclusion that one of the main problems with western technologies was that of scale. Schumacher inspired a whole generation of researchers to investigate both the impacts of modern technologies on traditional societies and the development of more appropriate technologies.
A number of theses studies have found that if evaluated in broader terms than mere productivity, most modern technologies transferred to traditional societies cause more harm than good. Although it still finds some supporters, the technologies of the green revolution are a perfect example of an inappropriate technology transfer. A group of scientists supported by the Rockefeller Foundation bred high yielding varieties (HYVs) of crops like wheat and rice using conventional hybridization methods. This, it was argued, could solve the problems of poverty and food shortages particularly in the developing world. These HYVs produced far more grain and fewer chaffs than conventional crops. The methods used to produce these varieties was not much different from the selective breeding that has produced hundreds of breeds of dogs from the common genetic starting point of the wolf. Just as with dogs, these hybrids were selectively bred for a number of qualities (such as per acre yield) unrelated to their environmental fitness. The introduction of these HYVs into farms around the world was similar to introducing a shih tzu into the environment of a wolf. Although these varieties could produce much higher yields in a lab, they were as ill suited to deal with a natural environment as the shih tzu was. To keep a shih tzu alive in the wild, it would have to be provided with food because it is no longer a good predator. Likewise, to grow HYV crops, irrigation and fertilizer were usually required. This, however, is not enough for the shih tzu or the HYVs. Soon, stronger animals would chase the poor shih tzu away from its food source. These would have to be eliminated. The HYV equivalent is that most of these crops were unable to compete with other plants and thus required herbicides to eliminate them. Finally, the poor little shih tzu would itself become easy pray for stronger predators. These would also have to be eliminated. The HYV equivalent is the necessary application of pesticides. Thus, the age of chemical farming began.
In purely technical terms, the green revolution was a huge success. It made famine stricken countries like India into food exporters. The problems that have caused many to argue that the green revolution was a disaster were ecological (how that technology fit into its social and biological context). Poor farmers could not afford the necessary inputs and thus could not use them. Wealthy farmers, on the other hand, could immensely increase their output. Aside from the obvious environmental problems of the use of fertilizers, herbicides, and pesticides, the green revolution had profound social implications. The increase in output without a corresponding increase in the purchasing power of consumers resulted in the decline in the price of these crops. This may have been beneficial to city dwellers, but in the countryside it meant small farmers (the poorest of the poor) who barely squeaked by before and could not afford to use the new crops went broke, sold their small farms to big landowners, and moved to the cities. But those slightly larger producers who were able to borrow enough to irrigate and fertilize were often unable to recover their expenses at the lower commodity price and also went broke. Thus, poverty and starvation increased, food production increased, and the population of third world cities mushroomed. The rich got richer, the poor got poorer, and the environment suffered from chemical pollution and soil erosion (Shiva, 1994) .
Traditional agricultural practices based on indigenous knowledge systems are superior in their ecological impacts on a number of levels. Traditional forms of crop rotation, multicropping, terracing, and, in some cases, even slash and burn agriculture have clear advantages over more modern high-intensity types of farming in preventing soil erosion, desertification, and deforestation. Furthermore, the low energy requirements of traditional methods allow cultivators, depending on conditions, to produce 5 to 50 food calories for every calorie invested and do so while enhancing soil conditions. By comparison, modern large scale farming with its intensive use of machinery, fertilizers, herbicides, and pesticides requires 5 to 10 calories to produce a single food calorie. Even when new agricultural techniques are introduced, indigenous knowledge of plant varieties, livestock, and soil conditions are vital to adapt these techniques to local conditions. But in most cases, the traditional methods are overall more appropriate (Eden & Parry, 1996; Gamser, Appleton, & Carter,1990; Udoh, 1996) .
Even in regard to the design of their cities, many societies of the South are ahead of the West in creating circular-sustainable arrangements. Urban agriculture, an idea that is being proposed and favoured by many in the North, has long been practiced in the cities of the South (Nelson, 1996) . The city of Accra, Ghana, for example, is virtually self-sufficient in it needs for vegetables, in sharp contrast to cities like New York that fly their vegetables in from as far away as Chile and South Africa. The sewage treatment system in Calcutta produces 22 tons of fish while treating 150 million gallons of waste water (N. Khan, personal communication, February 3, 2000) . The composition of solid waste in Sub-Saharan Africa is almost exclusively organic matter because plastics and metals are systematically collected for reuse or recycling.
The applicability of the free trade paradigm has also come under attack by a number of researchers. Costanza et al. (1995) , in an attempt to apply considerations of sustainability to the theories of comparative advantage, finds that the applicability of these theories depends on several factors, none of which are present in the current context. Free trade-comparative advantage theories assume that there are no social or environmental externalities, that prices are stable (the terms of trade cannot turn against one category of goods), that there is no coercion in production or exchange, and that there is no international mobility of capital. In the absence of these conditions, increased global trade is likely to have negative social and environmental consequences. Strong international institutions capable of social and environmental protection are thus required to prevent a "race to the bottom" in social and environmental regulations to gain comparative advantage. Neither the World Trade Organization nor the North Atlantic Free Trade Agreement has created such institutions so far.
Others have come to similar conclusions with regard to the relationship between global trade and the environment. It has been argued (The Ecologist, 1993) that the environmental crisis and global trade are intimately linked. Trade liberalization went hand in hand with the process of enclosure that began in England with the rise of capitalist relations of production and has continued to spread throughout the world since. This process radically altered how societies were embedded in local ecosystems and replaced these local bonds with increasingly global economic ties and a view of nature as having merely instrumental value. The solutions to the environmental crisis being offered by global institutions are a continuation of enclosure, in that lending and technology transfer from the North to the South further disrupts the remaining environmentally sound commons regimes, whereas debt for nature swaps and pollution permits further enclose the few remaining commons (The Ecologist, 1993) . Vandana Shiva has made similar arguments with respect to the extension of patent protection to genetic information and entire species (Shiva, 1997) .
A return to a sustainable way of life means a return to local self-sufficiency to a larger and larger number of writers. Although the idea, proposed by industrial ecology of linking industries to make the industrial metabolism of modern societies more circular, is promising, it must not become the ultimate "end of pipe solution." In so far as this idea has shown successes, as in the industrial ecopark in Kalundborg, Denmark, it has worked on the basis of local networks. The notion of appropriate technology likewise only makes sense if based on local realities and cognizant of "diseconomies of scale" (Kaplinski, 1990) . What is appropriate in one part of the world is not necessarily appropriate elsewhere. This recognition is the fundamental basis of what Sim Van Der Ryn (1995) and Stuart Cowen describe as ecological design: Solutions grow from place.
The fundamental problem that is unavoidable in considering either sustainability or development is that the consumption patterns in the North can only exist in so far as it can control the resources of the rest of the world. This was recognized by George Kennan (Athanasiou, 1996) when he noted that "We have about 50% of the world's wealth, but only 6.3% of its population." Kennan saw nothing wrong with this and was merely concerned with how this status quo could be maintained. In the current context, however, it should be evident that this inequality is the main obstacle to sustainability (Athanasiou, 1996) . It is this inequality that allows a citizens of the United States to use the same amount of resources as 50 citizens of India. If the societies of the North can put their considerable abilities to work on figuring out ways to support the consumption patterns of their citizens' using local resources and creating only wastes that can be safely disposed of locally, the problems posed by the South will be far more manageable. The burning down of rain forests, the cultivation of marginal lands and the slums surrounding most cities in the South are a product of their dispossession, of the fact that while millions are starving in Somalia, Somalia uses its most productive land to grow cotton for export. Guatemala and El Salvador grow coffee, and Ghana grows cocoa. The suggestion that to become sustainable, the developing world has to imitate the consumption patterns of the North is even more absurd than the suggestion that the North can carry on business as usual.
Notes
1. A linear industrial metabolism is one in which the flow of materials and energy enter the industrial system as resources and leave the system as waste. This contrasts with a circular metabolism in which wastes generated by one part of the system become inputs into other parts of the system or become reabsorbed by the environment.
2. Barry Commoner was among the first to highlight the importance of technology choice when he demonstrated that the lion's share of the increase of pollution in the United States in the postwar period was not due to population increase or rising consumption levels, but to technology choices (Commoner, 1971) .
3. The price of raw materials reflected only the cost of production. It did not include the true environmental cost of the resource. For a discussion of "true cost accounting," see Pearce (1995) .
4. The relationship between the scarcity of a resource and its price is not this straight, as is amply demonstrated by the decline in commodity prices over the past two decades.
5. There are a number of methods that have been elaborated to convert a linear into a circular industrial metabolism. These include closed-and open-loop recycling, design for disassembly, industrial ecoparks, design for environment, extended product liability, and life cycle analysis. Even on theoretical grounds, the metabolism of an industrial system cannot be entirely circular because of the use of materials that dissipate in their use (e.g., solvents, lubricants). Furthermore, some materials can not be used for the same purpose over and over again because their quality deteriorates. This requires open loop recycling where these materials are used for less and less demanding purposes until ultimately being discarded. For an excellent introduction to industrial ecology, see Nakajima (2000) .
6. Weak sustainability is measured in terms of the overall capital stocks of an economy on the assumption that man-made and human capital can substitute for diminishing stocks of natural capital. There is, however, considerable controversy over the assumption that man-made and human capital can substitute for natural capital, not to mention the problems of the valuation of natural capital.
7. As Eric Neumayer (1999) points out, one of the problems with the World Bank measurements is that it attributes all CO 2 emissions to the emitting countries. Neumeyer sees this as problematic because damage from greenhouse gases are caused by the accumulated stock of greenhouse gases, most of which originated in the industrialized North. Putting emphasis only on incremental changes creates a bias against developing nations. As we shall see later, attributing all CO 2 emissions, resource exhaustion, and pollution to the country in which it takes place is problematic for other reasons as well.
8. For an excellent critique of this view see Chaterjee (1994) .
Jürgensen / TECHNOLOGY, SUSTAINABILITY, AND DEVELOPMENT 233 9. The literature on the transfer of technology from the North to the South is extensive. For examples, see Heaton, Banks, and Ditz (1994) and Enos (1991) .
10. Gandhi's famous quote: "It took the resources of half the planet to industrialize England. How many planets will it take India?" makes the same point.
11. Cairncross (1995) explains the environmental Kutznets curve in the following terms: "As people become richer, they come to spend a rising share of their incomes on services that cause little pollution, such as health care and eating out, rather than buying goods, such as cars, that cause a lot" (p. 6). So it is the poor who are constantly buying gas guzzling cars that are the problem? Anyone who seriously believes this should either get their head examined or become the environment writer for the Economist.
